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Abstract: 
 
 The presence of the tsetse fly has historically been an obstacle to the utilization of 
the resources of the Okavango Delta and the rest of Northern Botswana.  In the late 
1990’s, an outbreak of trypanosomiasis in cattle, the disease carried by tsetse, prompted 
the government of Botswana to implement an aerial spraying operation to eradicate the 
flies.  The broad spectrum pesticide deltamethrin was applied over three months in a 
Northern block of the delta in 2001 and a southern block in 2002.  Post-spray monitoring, 
carried out by the Henry Oppenheimer Okavango Research Center (HOORC), showed 
that although the pesticide did not severely impact vertebrate species, both aquatic and 
terrestrial invertebrate populations were negatively affected immediately following the 
spray.  Most populations, however, eventually recovered to pre-spray numbers.  In May-
August of 2006, the Kwando-Linyanti River System to the northeast of the Delta was 
sprayed with deltamethrin.  As both the abundance and diversity of invertebrates were 
reduced following spraying in the Delta, a similar result is likely to be seen in the 
Kwando-Linyanti system.  In the present study, preliminary post-spray monitoring of 
aquatic invertebrates in this system shows that the community structure of aquatic 
invertebrates in the selected sites following the spray was different from the composition 
in samples taken before spraying.     
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Introduction: 
 Formerly the British Protectorate of Bechuanaland, the Republic of Botswana is a 
landlocked country in Southern Africa with an economy based on diamonds, cattle, and 
increasingly, tourism (Mmolawa, 2006).  Although the country’s climate is largely 
dominated by the semi-arid Kalahari sandveld, Northern Botswana is home to the 
Okavango Delta, a largely untouched and extensive wetland system.  Technically an 
alluvial fan, the Okavango was formed as a result of tectonic activity governed by the 
Kunyere and Thamalakane faults (van der Heiden, 1992).  The Delta is fed by the 
Okavango River which brings water from the Angolan highlands where rainfall is 
considerably higher than in the Delta region (Sefe, 1997).  The Okavango can be divided 
into several distinct ecosystems; perennial swamps, semi-permanent swamps, seasonal 
swamps, riparian forests and seasonal floodplains (Sefe, 1997).  The Delta’s waters and 
the associated lands and vegetation are extensively used for a variety of activities 
including both commercial and subsistence fishing, watering livestock, irrigating farms 
and as a popular tourism venue (van der Heiden, 1992).  Despite the enormous potential 
of the delta’s resources, the habitation and utilization of the delta have been obstructed by 
the presence of disease vectors such as mosquitoes and the tsetse fly (van der Heiden, 
1992).     
 The tsetse fly, Glossina sp., found throughout Africa, is a vector for African 
sleeping sickness (Trypanosomiasis), a disease that kills over 55,000 people per year, as 
well as  the cattle disease nagana which leads to unrealized cattle production of about US 
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$2.7 billion per year (Grant, 2001).  The species Glossina morsitans centralis occurs 
naturally throughout Northern Botswana and its presence is detrimental to both the 
economy and society of the local people and the entire country. Though its distribution 
fluctuates with the availability of suitable habitat (Meynell, 2001), its fairly constant 
presence in the Delta over the last century has been a source of concern.   
In the 1930’s, Botswana began employing tsetse elimination strategies which until 
the 1960’s, mainly involved game culling and bush destruction (Grant, 2001).  In 1967, 
these techniques were replaced by the spraying of DDT and other persistent pesticides 
(Davies, 1976).  The 1970’s saw the development and aerial spraying of endosulfan, a 
highly toxic chlorinated hydrocarbon pesticide (Meynell, 2001).  In 1991, all pesticide 
use was discontinued and for ten years fly control was dependent on Odor Baited Target 
(OBT) technology (Meynell, 2001) which exploits the flies’ odor and color detection 
strategies (Scott Wilson, 2001).  Poor maintenance of these targets as well as their 
destruction by wildlife resulted in their failure and the spread of tsetse through the Delta 
(Meynell, 2001).  An outbreak of trypanosomiasis in cattle in 1999 led the government to 
reimplement aerial spraying of pesticides (Scott Wilson, 2001). 
Pesticide application was chosen because the tsetse fly’s specific life-history and 
behavior make the species particularly vulnerable to insecticide-based control techniques 
(Grant, 2001).  Unlike most other fly species, larval tsetse flies develop inside the uterus 
of the adult female fly and the mature larva is deposited onto the ground to immediately 
pupate (Davies, 1976).  They pupate for one month and emerging females are 
inseminated once, storing the sperm in a specialized sack (Motshegwa, 2006).  The 
female produces one larva approximately every 9 days and can produce 8-12 larvae 
(Meynell, 2001) over her lifetime.  The first larva is produced 16-20 days after 
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emergence during what is known as the first larval period (Motshegwa, 2006).  The aerial 
spraying technique takes advantage of this life history by killing all adult tsetse with a 
preliminary application and then through a series of spray cycles, removing newly 
emerged flies prior to their producing larvae (Scott Wilson, 2001).  Because the pupating 
flies are unaffected by the pesticide, subsequent sprays must be continued until all the 
pupae have emerged, but also timed to prevent their reproduction (Davies, 1976).  This is 
usually accomplished with four consecutive applications and one safety application 
(Opperman, 2006).     
At night, the flies roost in the tree canopy where they can be easily reached by 
pesticide droplets.  Spraying takes place on winter nights because a temperature inversion 
develops due to the soil’s being cooler than the air just after sunset.  This leads to calm 
conditions that allow the pesticide droplets to remain stationary or fall rather than be 
blown away by convection currents that are present during other times of the day and 
summer (Perkins, 2002).  Flies in the vegetation are thus likely to come into contact with 
the pesticide. 
  In 2001, a 7000 km2 block in the Northern Delta was sprayed and the following 
year a Southern block 8600 km2 large was treated (Perkins, 2004).  Upon the 
reimplentation of spraying, deltamethrin was chosen because though it is lipophilic and 
concentrates in aquatic animals, it is rapidly metabolized by birds and mammals and 
unlikely to biomagnify (Perkins, 2002).  Endosulfan, the pesticide used prior to 1991, is 
more likely to have an impact on fish populations while deltamethrin affects invertebrates 
(Scott Wilson, 2001).  Each block was sprayed in five cycles during the winter months by 
3-4 planes flying at tree-top height, each cycle taking 6-8 nights (Perkins, 2004).  
Monitoring projects were carried out following each of the sprays as well as throughout 
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the spraying in 2002.  In 2001, the monitoring did not begin until one month into the 
spraying operation, but a 3 km x 3 km area (PomPom) was sprayed once and used as an 
experimental plot to observe the effects of the pesticide (Ramberg, 2003). 
These spraying operations have been very successful as no tsetse flies have been 
caught since August of 2001 in the Northern Block and since July of 2002 in the South 
(Motshegwa, 2006).  But with any application of a pesticide, especially a broad-range 
chemical such as deltamethrin, there is the potential for negative effects on non-target 
species.  There were no affects observed on bird species as a result of the spraying 
(HOORC, 2006).  Aquatic fauna were potentially at the highest risk because of the direct 
entry of deltamethrin into the water (Grant, 1987). The results of the monitoring studies 
showed no indications of any decline in fish abundance or in the two species of reed frogs 
thought to be most susceptible (Ramberg, 2003).  There was a significant impact however 
on aquatic invertebrates.  In the Delta, aquatic invertebrate populations though not 
extensively studied, show high to moderate species diversity, but low abundance for most 
groups (Alonso, 2003).  The observable effects of the pesticide on those populations were 
an increase in the number of dead collected, changes in community structure, emerging 
and dead burrowing species and an increase in planktonic drift (Perkins, 2002).  Overall, 
the spraying of deltamethrin reduced the total abundance, by 30-50% according to 
Ramberg (2003) as well as the number of aquatic invertebrates, but there was visible 
recovery in the months following the spray (HOORC, 2006).  The family that was most 
negatively impacted was Atyidae (Palmer, 2003).  The Notonectidae, Coleopteran and 
Naucoridae families were also severely affected (Ramberg, 2003).   
In keeping with their commitment to the Pan African Tsetse and Trypanosomiasis 
Eradication Campaign (PATTEC) (HOORC, 2006), the government of Botswana 
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expanded their tsetse eradication efforts to the Kwando-Linyanti River system to the 
Northeast of the Delta in 2006.  The spraying of the 10,000 km2 block (Figure 1) took 
place in five cycles from May through August of 2006, with each cycle lasting 18-24 
nights (HOORC, 2006).  HOORC was commissioned by the government to carry out 
monitoring programs to determine the effects of the pesticide in this specific region.  
Based on the success of the previous use of deltamethrin in the Okavango Delta, there is 
reason to believe that this spraying will be effective in removing tsetse from the Kwando-
Linyanti Area.  Monitoring of the previous pesticide applications to the Delta showed that 
invertebrates were generally the most affected by the spraying.   
 
     Figure 1. The 2006 Spray Block of 10,000 km2, over the Kwando-Linyanti region. 
A preliminary study of aquatic invertebrates in the Kwando-Linyanti region was 
carried out prior to spraying due to a lack of information in this area.  This study found 
that in all of the sites through the study area, Chironomidae was the most abundant 
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family, followed by Atyidae and Bulininae (Mosepele, “Freshwater,” 2006).  The most 
abundant family in Kwando was Atyidae and in Linyanti was Bulininae.  The Kwando 
River had low family richness as compared to the Duma Tau and Linyanti sites (Ibid, 
2006).  The rain pool sites also had fairly low family diversity (Ibid, 2006).  This study 
showed the aquatic invertebrate composition of this region to differ from that of the Delta 
in that while Heteroptera and Coleoptera dominate the Delta’s invertebrate fauna, 
Crustacea and Diptera are the most abundant in the Kwando/Linyanti region (Mosepele, 
“Freshwater,” 2006).  These differences in family structure demonstrate the 
Kwando/Linyanti region’s uniqueness and thus the necessity of monitoring its recovery 
as an entity separate from the Delta.   
The present study aims to: 
1) continue work on baseline data of aquatic macro-invertebrates in the 
Kwando/Linyanti system as commenced by Mosepele (“Freshwater,” 2006). 
2) monitor the effects of the spraying of deltamethrin on aquatic macro-invertebrate 
populations of the Kwando/Linyanti system by looking at changes in abundance and 
family richness, diversity and evenness.   
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Study Area- The Kwando/Linyanti System 
 
 The Kwando/Linyanti River and Floodplains system is located in Northern 
Botswana to the Northeast of the Okavango Delta, figure 2. 
 
 
                                   Figure 2. Map of the Okavango Delta/Kwando-Linyanti Area. 
 
The Kwando and Linyanti Rivers and their associated floodplains form a part of the 
Kwando/Linyanti/Chobe river system, one of the major international river systems in 
Botswana, have a major proportion of their watershed outside Botswana (Baroka, 2001).  
The total area of wetlands in this system is 185,000 ha (Sefe, 1997).  The section of the 
Kwando-Linyanti System that is the focus of the present study is characterized by the 
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convergence of the Kwando River (from the West) and the Linyanti River (from the East) 
which occurs around Duma Tau (Mosepele, “Freshwater,” 2006).   
 In the study areas, the Kwando River is characterized by fast flowing, clear water 
and thus a high dissolved oxygen content while the Linyanti is slower moving, narrower, 
and has more vegetation.  The Linyanti is also more highly populated by hippos and 
elephants which contribute to the amount of organic matter in the water (Mosepele, 
“Freshwater,” 2006).   
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Materials and Methods:  
 
Data Collection   
  From September 13-15, 2006, two weeks following the spraying of deltamethrin 
on the Kwando/Linyanti Region in Northern Botswana, samples of aquatic macro-
invertebrates were taken at 24 sites in the study area.  The study area was divided into 
four main stations, namely the Kwando River, the Linyanti River and the surrounding 
floodplains and rain pools.  A total of 7 areas within these regions were identified and 
further divided based on vegetation/habitat type (Phragmites, Water Lily, Hippograss, 
Papyrus, Sandbank, Floodplain, Rain Pool), figure 3.  Samples were taken from the 
habitats present in each station.  Before spraying in May of 2006, 25 samples were taken 
from the sites.  These same sites were again sampled before and after each spray cycle for 
all five cycles to obtain data during the spray.  Data from these samples was averaged to 
get a mean number of invertebrates and average for the water quality tests.  Only 24 sites 
were sampled after spray because one of the rain pool sites had dried up.   Data collected 
before and during the spray operation were compared to data collected following the 
spray in order to determine how deltamethrin affected populations in this region.  
Appendix A is a list of the GPS coordinates of all 24 Sites. 
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        Figure 3. Freshwater monitoring sites within the Kwando/Linyanti Spray Block. 
 
Samples of aquatic macro-invertebrates were taken following the protocol 
outlined in Mosepele (“Sampling,” 2006).  A 300x300 μ m kick net (mesh size 1mm) 
was used to sweep each site for 2 minutes.  The sample was then rinsed with clean water 
into a white tray where initial assessments of family presence and abundance were made 
and recorded on a field data form. The sample was then sieved and placed into a labeled 
container with 70% ethanol to preserve the specimens.  Further sorting was done at the 
base camp and specimens found were preserved in a labeled vial with 70% ethanol.  The 
original sample was kept for more detailed sorting in the lab at the Henry Oppenheimer 
Okavango Research Center (HOORC).   
At the time of sampling, water chemistry data was also collected.  The electrical 
conductivity (Cond.) was taken using a HANNA HI9635 Model meter.  A HANNA 
HI991000 meter was used to measure temperature (Temp.) and pH.  Dissolved oxygen 
(DO) levels were measured with a YSI-185 DO-meter.  A meter stick was used to 
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measure depth.  Water quality information was not obtained before spraying at the Savuti 
Channel site.   
Lab Identification 
The samples were further sorted at HOORC’s biology laboratory with the use of a 
microscope.  All specimens were identified to the family level, using the field guides by 
Day, et al., (2003), and counted.  The final results were recorded on laboratory data 
sheets.   
   
Data Analysis 
Data were computerized and analyzed using PASGEAR and Microsoft Excel.  
The Index of Relative Importance (IRI) was calculated (Kolding, 2000) to determine the 
most important taxa within the samples (Mosepele et al., 2005).  For the samples that 
were taken during spray, the number of specimens collected before and after each cycle 
were counted and the mean calculated in order to obtain an average number of 
individuals in each family during the spray period before and after each spray.  
 
IRI was calculated according to the formula: 
 
%IRIi   =       (%Wi + %Ni) x %Fi            x 100             
                          S 
                  
        Σj=i(%Wj+ %Nj) x %Fj 
 
Where  %Wi + %Ni is percentage weight and number of each family of total catch, %Fi is 
percentage frequency of occurrence of each family in total number of samples and S is 
the total number of species (Kolding, 2000). 
 
Diversity Indices were also calculated using PASGEAR. 
 
Shannon’s Diversity Index (H’) and Relative Evenness (J’) (Kolding, 2000) were 
calculated using the equation: 
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H’ = -Σ Pi x ln(Pi) 
 
Where Pi  is the relative abundance of individuals found in the ith family 
The relative evenness measures the distribution of individuals amongst the families in a 
given site.   
J’ = H’               Hmax =  ln (S) 
     Hmax 
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Results: 
 
Water Quality- Post-Spray 
Table 1 summarizes the water quality data for all sites two weeks after the 
spraying of deltamethrin.  The conductivity ranged from 0.13 to 0.39 mS/cm throughout 
the study area. The sites with the lowest conductivity were Kwando Main River 1 
(hippograss), 2 (papyrus) and 4 (phragmites) and the highest conductivity was found in 
one of the Rain Pools.  The pH was lowest at Kwando Main River, the upstream 
phragmites habitat (5.52) and highest at one of the Kwando Floodplain sites (8.98).  The 
lowest recorded dissolved oxygen level was at the King’s Pool waterlilies site (1.23 
mg/L) and the highest was at one of the Ziba Floodplain sites (5.66 mg/L).  Temperature 
ranged from 19.2ºC at the Kwando Main River upstream papyrus site to 28.9 ºC at the 
second Kwando Floodplain site.  The water was the deepest at the Linyanti Phragmites 
site (175.5 cm) and shallowest at the second Kwando Floodplain site (21 cm).  
Table 1. Water quality raw data in the Kwando/Linyanti System collected post-spray. 
 Conductivity 
(mS/cm) 
pH DO 
(mg/L) 
Temp C Depth (cm) 
Kwando MR1 0.13 6.52 3.31 19.7 164.5 
Kwando MR2 0.13 6.57 3.51 20.2 106 
Kwando MR3 0.14 6.41 3.06 20.7 147 
Kwando MR4 0.13 5.77 3.06 19.8 136 
Kwando MR5 0.14 6.48 3.02 19.5 127 
Kwando MR6 0.14 5.52 2.94 19.2 89 
Kwando FP 1 0.28 8.41 3.25 28.6 23 
Kwando FP 2 0.22 8.44 4.31 28.9 21 
Kwando FP 3 0.21 8.98 3.96 28.7 32 
Savuti 0.27 8.16 5.21 23.6 38 
Linyanti 1 0.2 7.58 3.69 24.5 52 
Linyanti 2 0.19 7.25 3.46 22 175.5 
Linyanti 3 0.2 7.41 3.53 23.2 103 
King's Pool 1 0.2 7.87 1.23 21.4 40 
King's Pool 2 0.19 7.71 1.95 23.4 144 
King's Pool 3 0.2 7.32 1.82 22.9 159 
Rain Pool 1* n/a n/a n/a n/a n/a 
Rain Pool 2 0.33 7.63 1.77 26.1 33 
Rain Pool 3 0.39 7.82 1.65 26.7 38 
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Duma Tau 1 0.2 8.17 3.04 24.2 45 
Duma Tau 2 0.16 7.28 4.3 24.6 42 
Duma Tau 3 0.18 7.18 2.49 20.7 19.5 
Ziba FP 1 0.25 8.38 5.63 27.4 26 
Ziba FP 2 0.27 8.25 5.66 27.6 27 
Ziba FP 3  0.33 8.36 4.48 28.2 23 
* The Rain Pool Site 1 was not sampled post-spray because it had dried up. 
Aquatic Macro-invertebrates 
Post-Spray 
Two weeks after the spray, 37 families were identified. The 3 most abundant were 
Chironomidae (1222 individuals), Bulininae (949 individuals) and Caenidae (557 
individuals), figure 4.   The family with the highest diversity and evenness was 
Chironomidae (H’=0.36 and J’=0.1) (table 2).  Appendix B gives the raw data for the 
number of individuals found at each site after spraying. 
Bulininae, 23%
Caenidae, 
13.50% Chironomidae, 
29.60%
Chironomidae
Bulininae
Caenidae  
Figure 4. The most abundant families two weeks after spraying in the study area. 
 
Table 2. Total abundance, diversity (H’) and Evenness (J’) of individuals collected 
across all stations after spraying. 
 Total    
Family NO % IRI H` J` 
CHIRONOMIDAE 1222 36.1 0.36 0.1
BULININAE 949 24.5 0.338 0.09
LYMNAEIDAE 403 11.2 0.227 0.06
CAENIDAE 557 10.3 0.27 0.07
LIBELLULIDAE 133 3.4 0.111 0.03
HIRUDINEA 107 2.8 0.09 0.02
COENAGRIONIDAE 100 2.6 0.095 0.03
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PLANORBIDAE 106 2.2 0.094 0.02
CHIRONOMIDAE LARVA 59 1.2 0.061 0.02
BAETIDAE 80 1.2 0.076 0.02
CORIXIDAE 84 0.8 0.079 0.02
OTHER 34 0.8 0.039 0.01
CERATOPOGONIDAE 40 0.7 0.045 0.01
DYTISCIDAE 37 0.7 0.042 0.01
BELOSTOMATIDAE 34 0.5 0.039 0.01
CERATOPOGONIDAE 
LARVA 
20 0.2 0.026 0.01
BITHYNIIDAE 22 0.2 0.028 0.01
THIARIDAE 18 0.1 0.024 0.01
HYDROPHILIDAE LARVA 11 0.1 0.016 0
CORBICULIDAE 18 0.1 0.024 0.01
DYTISCIDAE LARVA 9 0.1 0.013 0
SPERCHEIDAE 9 0.1 0.013 0
OLIGOCHAETA 18 0.1 0.024 0.01
LEPTOCERIDAE 9 0 0.013 0
ATYIDAE 13 0 0.018 0
NEPIDAE 5 0 0.008 0
CULICIDAE 5 0 0.008 0
ELMIDAE 3 0 0.005 0
HYDRACARINA 3 0 0.005 0
AMPULLARIIDAE 5 0 0.008 0
GYRINIDAE 4 0 0.007 0
NOTONECTIDAE 3 0 0.005 0
GYRINIDAE LARVA 2 0 0.004 0
TELOGONOBIDAE 2 0 0.004 0
VELIIDAE 2 0 0.004 0
TABANIDAE 1 0 0.002 0
SYRPHIDAE 1 0 0.002 0
UNKNOWN DIPTERA 1 0 0.002 0
PSYCHODIDAE 1 0 0.002 0
CRAMBIDAE 1 0 0.002 0
VIVIPARIDAE 1 0 0.002 0
UNKNOWN COLEOPTERA 1 0 0.002 0
ELMIDAE LARVA 1 0 0.002 0
Total 4134 100 2.239 0.6
 
A single individual and the lowest diversity (H’=0.002) was found in eight of the 
37 families including Tabanidae, Syrphidae, unknown diptera, Psychodidae, Crambidae, 
Viviparidae, unknown Coleoptera and Elmidae larva.  Of the 949 Bulininae found, 464 
came from the Ziba Floodplain habitat.  The remaining specimens of Bulininae were 
spread across all of the other stations except for the rain pools.  The family with the 
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overall highest abundance was Chironomidae with the highest number of individuals 
found in Savuti Channel (588) and none found in the rain pool sites.   
Abundance and Richness by Station After Spray 
The station with the highest abundance was the Ziba Floodplain as shown by 
Table 3.  However, the majority of these individuals came from 2 families, Bulininae and 
Chironomidae which made up 48.1% and 21% respectively (see Appendix C).  The 
Linyanti River had the highest family richness with 26 families represented, followed 
closely by King’s Pool (a section of the same river) which had 25 families. The rain pool 
had the lowest abundance (18 individuals) as well as the lowest family richness (8 
families).  One of the rain pools had only 5 individuals found in 3 families.  The Kwando 
Floodplain and Savuti Channel each showed a high abundance with 748 and 771 
individuals respectively.  Despite these high abundances, both the Kwando Floodplain 
and the Savuti Channel showed low diversity (H’) and evenness (J’), with Savuti having 
the lowest overall diversity and evenness.  The Kwando Main River which had the 
second lowest abundance showed the both highest diversity and the highest evenness.   
Table 3. Abundance, richness, diversity (H’) and evenness (J’) of each station, post-
spray. 
Site Abundance Richness H' J' 
Kwando Main 
River 
190 22 2.572 0.68
Kwando 
Floodplain 
748 17 1.365 0.36
Savuti Channel 771 13 0.977 0.26
Linyanti River 333 26 2.441 0.65
King's Pool 482 25 2.461 0.65
Rain Pools 18 8 1.813 0.48
Duma Tau 616 21 1.733 0.46
Ziba Floodplain 976 17 1.71 0.45
Total 4134 37 2.239 0.6
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Abundance and Richness by Habitat Type After Spray 
 
Of the eight habitat types sampled, the floodplain habitat had the greatest 
abundance, with 1724 individuals recorded, while the channel habitat had the second 
highest abundance (table 4).  Despite this, the channel showed the lowest diversity (H’) 
and evenness (J’) and was dominated largely by Chironomidae (see Appendix D).  
Though the floodplain had the highest abundance, it was dominated by Chironomidae, 
Bulininae and Caenidae and had low diversity and evenness. The highest diversity and 
evenness were found in the phragmites habitat.  The rain pool and the sand bank showed 
very low abundance and family richness with the rain pool the lowest overall.  While 
water lilies and phragmites showed comparable abundances (389 and 387 respectively), 
the phragmites habitat demonstrated a greater richness with 31 families represented as 
opposed to the 21 families found in the water lilies.  The family Atyidae was found only 
in papyrus and phragmites, with the majority in the phragmites, Appendix D.  Culicidae 
was only found in the floodplain habitat (3 in Kwando and 2 in Ziba).   
Table 4. Abundance, richness, diversity (H’) and evenness (J’) of each habitat type, post-
spray. 
Habitat Abundance Richness H' J' 
Papyrus 554 26 2.099 0.56
Hippograss 248 15 1.959 0.52
Water 
Lilies 
389 21 1.988 0.53
Phragmites 387 31 2.734 0.73
Sandbank 43 12 1.486 0.4
Floodplain 1724 22 1.829 0.49
Rain Pool 18 8 1.813 0.48
Channel 771 13 0.977 0.26
Total 4134 37 2.239 0.6
 
Kwando vs. Linyanti Rivers After Spray 
Of the six sites in the Kwando River, the Phragmites habitat showed the greatest 
abundance with 90 individuals found, according to Table 5.   Papyrus had the lowest 
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abundance.   In both phragmites and hippograss, the family with the highest abundance 
was Lymnaeidae (see Appendix E), but only 2 individuals of the Lymnaeidae family 
were found in the papyrus habitat.  All three habitats had fairly comparable family 
richness’, diversity (H’), and evenness (J’).    
Table 5. Abundance, richness, diversity (H’) and evenness (J’) by habitat in the Kwando 
River. 
Habitat Abundance Richness H' J' 
Papyrus 37 15 2.383 0.77
Hippograss 63 13 2.237 0.72
Phragmites 90 14 2.301 0.74
Total 190 22 2.572 0.83
  
The most abundant family sampled in the Kwando River was Lymnaeidae 
(18.9%), followed by Planorbidae (15.3%) and Coenogranidae (10.5%) (figure 5).     
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Figure 5. Percentage of the most abundant families collected in the Kwando River after 
spraying. 
Table 6 shows the results for the Linyanti and King’s Pool sites (which were 
combined for a total of 6 sites in the Linyanti River).  The most abundant habitat was the 
water lily habitat with 389 individuals followed by Phragmites (297) and then papyrus 
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(129).  The site with the highest richness was the Phragmites site with 28 families.  The 
papyrus and water lily habitats had similar family richness, with 20 and 21 families 
respectively.  Though the water lily habitat had the highest abundance, it had the lowest 
diversity (H’) and evenness (J’).   
 
Table 6. Abundance, richness, diversity (H’), and evenness (J’) by habitat type in the 
Linyanti River. 
Habitat Abundance Richness H' J' 
Papyrus 129 20 2.682 0.77
Water Lily 389 21 1.988 0.57
Phragmites 297 28 2.507 0.72
Total 815 33 2.607 0.75
 
Of the 33 families represented in the Linyanti, the most abundant family was 
Bulininae (26.7%) followed by Chironomidae (18.3%) (figure 6).  The remaining 
families each made up less than 6% of the total.   
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Figure 6. The percentage of the most abundant families collected in the Linyanti River 
after spraying.  
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While the Linyanti had a total of 815 individuals, the Kwando only had 190.  In 
the Phragmites habitat of the Kwando River, the Lymnaeidae family made up the bulk of 
the organisms found and Chironomidae only accounted for 2 of the 90 individuals (see 
Appendix E).  In the Linyanti however, only 8 of the 297 individuals from the Phragmites 
habitat were of the family Lymnaeidae while 103 were Chironomidae.  In the Kwando, 
only 15 individuals of the Bulininae family were collected in contrast to the 218 found in 
the Linyanti.  Most of the 218 were found in the water lily habitat, a vegetation type not 
present in the Kwando.  In the papyrus habitat of the Linyanti River, 22 Belostomatidae 
were found while only a single individual was found in the Kwando.  
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Figure 7. A comparison of the abundance by habitat in the Kwando and Linyanti 
Rivers, after spray. 
 
Family richness in each habitat was higher in the Linyanti River, as shown by 
Figure 8.   Generally, the Linyanti River had a higher richness and abundance with 33 
families and 815 individuals.    
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Figure 8.  A comparison of the richness by habitat of the Kwando and Linyanti Rivers 
after spray. 
 
Both the Kwando and the Linyanti Rivers had a higher abundance in the 
phragmites habitat.  In the Linyanti, the phragmites habitat had a higher richness, while 
the Kwando River’s Papyrus habitat showed the higher richness.  Appendices E and F 
give the summarized data for the Kwando River and Linyanti River/King’s Pool 
respectively.   
Before vs. After Spray 
Water Chemistry Before and After Spray 
The raw data for water chemistry before, during and after spray can be found in 
Appendix G.  The average conductivity two weeks after the spraying of deltamethrin was 
the highest in the Rain Pool (0.36 mS/cm) but was highest in the Ziba Floodplain (3.6 
mS/cm) before spraying (figure 9).  Overall, the conductivity was higher prior to spraying 
at all of the sites.   
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Figure 9. A comparison of conductivity (mS/cm) at each station before, during (mean 
value) and after spraying. 
 
According to Figure 10, temperatures were slightly higher after the completion of  
 
spraying and were generally lowest during the spray cycles..  
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Figure 10. A comparison of temperature (degrees C) at each station before, during (mean 
value) and after spray. 
 
Figure 11 shows that the pH did not change dramatically throughout the period of 
 
spraying. 
 
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
Kw
an
do
 M
ain
 Ri
ve
r
Kw
an
do
 Fl
oo
dp
lain
Lin
ya
nti
 Ri
ve
r/K
ing
's P
oo
l
Du
ma
 Ta
u
Ra
in P
oo
l
Zib
a F
loo
dp
lain
Sa
vu
ti C
ha
nn
el
Station
pH
Before
During 
After
 
Figure 11. A comparison of the pH at each station before, during (mean value) and after 
spray. 
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The station whose average depth changed the most was Kwando Main River, 
(figure 12).  Before spraying it had an average depth of 120.1 cm and two weeks after the 
spray it was only 21.43 cm deep.  The other sites largely maintained a constant depth.  
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Figure 12. A comparison of the depth (cm) at each station before, during (mean value) 
and after spray. 
According to Figure 13, the Dissolved Oxygen (DO) concentration varied greatly 
in all the sites at the different sampling times.  In general, the levels were lowest when 
sampled two weeks after spraying, ranging from 0.22-5.26 mg/L as opposed to 2.2-7.5 
mg/L as it had before the spraying began.   
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Figure 13 A comparison of dissolved oxygen (DO) levels (mg/L) each station before, 
during (mean value) and after spray. 
 
Comparing Aquatic Macro-Invertebrates Before and After Spray 
Before spraying with deltamethrin, 58 families were found in the study area, 21 
more than post-spray.  The number of families collected decreased after spray in all sites 
except for the Savuti Channel site which increased from 9 to 13 families (figure 14).  
Because one of the rain pools dried up and was unable to be sampled, a comparison is not 
made here.    
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Figure 14. A comparison of the number of families before and after spray by station. 
 
The most abundant family before spray was Chironomidae with 1249 individuals 
followed by Atyidae (1096 individuals) and Bulininae (530 individuals) (figure 15). 
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Figure 15. The top three most abundant families before spraying in the study 
area. 
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Figure 16 shows how the number of individuals changed after the spraying of 
deltamethrin.  Before spray, 5301 individuals were collected and after spray, 4013 were 
found.  The number of individuals collected decreased in the Kwando Main River.  
Although the total number of individuals decreased, the number of individuals increased 
in the Kwando Floodplain, Savuti Channel, Linyanti/King’s Pool, Duma Tau and Ziba 
Floodplains.  Savuti Channel increased the most, from 65 to 771 individuals.  Most of the 
individuals in this site were of the family Chironomidae.  Because one of the rain pools 
dried up, a comparison cannot be made between the before and after results of those sites. 
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Figure 16. A comparison of the number of individuals before and after spray, by station. 
 
Before spraying, Kwando showed the highest richness and abundance and while 
its richness remained high after spraying, the abundance dropped to the second lowest.  
The Linyanti River on the other hand, showed the second highest richness and abundance 
prior to spraying and the sixth highest abundance and the second highest richness after 
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spraying.  The Kwando River’s richness dropped by 24 families and its abundance fell by 
1903 individuals.  The Linyanti River on the other hand, had a constant abundance before 
and after spray.   
Both the Chironomidae and Bulininae families remained in the top three most 
abundant following spray with the Bulininae family increasing.  Atyidae however, which 
made up 20.67% of the pre-spray specimens, was not one of the most abundant following 
spray.  Where 1096 individuals of the Atyidae family were found before spray, only 13 
were collected two weeks after spraying (Appendix H).  The Caenidae family which only 
had 129 individuals before spraying, was the third most abundant family after spraying. 
 In addition to the Caenidae family, several other families showed an increase in 
the number of individuals collected following spray.  These families include Hirudinea, 
Bulininae, and Lymnaeidae (figure 17). 
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Figure 17. Families that showed a post-spray increase in abundance throughout the study 
area..   
 Like the Atyidae family, several families had a dramatically lower number of 
individuals two weeks after spray.  These families include Notonectidae, Hydracarina, 
Dytiscidae and Baetidae (figure 18). 
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Figure 18. Families that decreased in abundance following spray throughout the study 
area.   
 
Some families which had relatively high abundance before spray were totally absent from 
samples after spray.  Examples of these families are Polymitaricyidae which dropped 
from 20 individuals to 0, Pleidae , Hydrophilidae, Cladocera, and Noteridae (Appendix 
H). 
 In addition, several families appeared in the samples following the spray that were 
not present in the before spray samples.  These include Elmidae (from 0 to 3), Syrphidae 
(1), Teloganodidae (2) and Ampullaridae (5).    
 Some species showed minimal or no change after the application of deltamethrin.  
Chironomidae for example was only reduced from 1249 to 1222 individuals (appendix 
H).  Other families that were relatively unaffected were Oligochaeta, Culicidae, 
Planorbidae and Libellulidae (figure 19). 
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Figure 19. The families that maintained a fairly constant abundance before and after 
spray, throughout the study area. 
 
 Samples taken during the spraying operation were taken just before and just after 
each spray cycle for five cycles.  The number of individuals in each family were counted 
and the average was taken for the “during” data. The “before cycle” data are the average 
of samples taken before cycles 2-5 and the “after cycle” data are the average of samples 
taken after cycles 1-5.  These data show changes in the number of individuals before and 
after each cycle.  Figure 20 shows the families that varied the most between the cycles. 
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Figure 20. Average abudance changes of the families that fluctuated the most before and 
after each cycle (mean values for 5 spray cycles) throughout the study area.      
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Diversity Indices Before and After Spray 
 
 The diversity (H’) increased after spray at the Kwando Floodplain and Kwando 
Main River stations and decreased in all other sites (figure 21).   
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Figure 21. A comparison of Shannon’s Diversity Index (H’) in all stations before and 
after spray. 
The evenness (J’) decreased in all sites except for the Kwando Main River (figure 22).  
The most dramatic decrease was in Savuti Channel.  The rain pool sites are not compared 
in figures 21 or 22 because one of the pools dried up. 
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Figure 22. A comparison of evenness (J’) in all stations before and after spray.  
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Discussion: 
The data collected following the spray confirms what was found in the baseline 
study carried out by Mosepele (“Freshwater,” 2006), that the populations of macro-
invertebrates in the Kwando/Linyanti System show variability amongst the sites sampled. 
And data from after the application of deltamethrin generally show a change in 
community structure in most of the locations. 
Water quality was not significantly different following the spraying of 
deltamethrin.  pH remained essentially the same in all of the stations as did depth.  The 
only station that showed a significant change in depth was Kwando Main River.  The 
dissolved oxygen level fluctuated and though it was generally lowest after spraying this is 
probably the result of decreased water flow in most areas due to seasonal drying.  The 
temperature was the highest after the spray, most likely because of seasonal change as 
summer approached.  This change in seasons would also impact the populations of 
invertebrates but just how much is unknown at the present time.   The conductivity was 
the parameter that showed the greatest change from before to after spraying, a change 
that may be a result of pesticide application. 
 Data collected following the spray shows a change in the community structure of 
this region.  Though the number of individuals found did not change dramatically, only 
falling from 5301 to 4013 the number of families was reduced by 21.  In addition, the 
most abundant families before spray were not the most abundant after indicating a shift in 
the structure.  The fact that both the number of families and the number of individuals 
were lower in the samples following spray may indicate that the aquatic invertebrates of 
Kwando/Linyanti System were sensitive to deltamethrin, though to be sure, further 
monitoring is needed.     
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Following the spray, the most preferred habitat was the floodplain habitat, with 
1724 individuals.  The Ziba Floodplain, the station with the highest abundance (976 
individuals) was the largest contributor to the total abundance of the floodplain habitats.  
Despite having the highest abundance, the floodplain habitat supported both a low 
diversity and evenness most likely due to the fact that Chironomidae and Bulininae 
accounted for over 50% of the individuals collected there. The papyrus habitat supported 
the greatest family richness but the evenness of this habitat was very low because most of 
the specimens collected in the papyrus habitat came from Duma Tau and King’s Pool. 
 A shift in community structure can be seen in the changes in the diversity indices 
following spray.  The diversity decreased in all sites except for the Kwando Floodplain 
and Kwando Main River in which it increased though not dramatically.  These increases 
in diversity are due to the fact that some families were collected after the spray that were 
not found before.  Kwando Main River also showed an increase in evenness while in all 
other sites the evenness decreased.  The diversity and evenness of Kwando Main River 
increased despite the fact that both the abundance and richness decreased.   
The overall decrease in diversity and evenness shows that the community 
composition became more similar and was made up of fewer families. This may indicate 
that deltamethrin affects the community structure in the Kwando/Linyanti system by 
decreasing the diversity and evenness as it did in the Okavango Delta (Palmer, 2003). 
However, because little is known about the natural history of aquatic macro-invertebrates 
in this area, a definite conclusion cannot be drawn until further research is done.   
 As was found by Palmer and Davies-Coleman (2003) in the Okavango Delta, one 
of the most severely impacted families in the Kwando/Linyanti System was Atyidae, 
dropping from 1096 individuals before spraying to 13 two weeks after the completion of 
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the operation.  Before spraying, members of the Atyidae family were found throughout 
the spray area, but after spraying it was only found in the papyrus and phragmites 
habitats.  The Atyidae (freshwater shrimp) family is a highly sensitive taxon, requiring 
clean water with a high dissolved oxygen level and the decrease in DO following the 
spray could be a factor contributing to their decline.  Its being found only in papyrus and 
phragmites could indicate that they found refuge from the toxin in those habitats or 
simply that their dead bodies were trapped in the vegetation.  The families Notonectidae, 
Hydracarina, Dytiscidae and Baetidae also showed significant reductions in abundance.  
Baetidae is a taxa commonly referred to as sensitive (Perkins and Ramberg, 2004) and its 
uncovered gills may make it particularly susceptible to the uptake of the toxin (Tluczek, 
2006).  Dytiscidae, the predatory diving beetle family, obtains air from the surface of the 
water where it may be more susceptible to the pesticide coating surface of the water 
(Perkins and Ramberg, 2004).   
The families Polymitaricyidae, Pleidae, Hydrophilidae, Cladocera and Noteridae 
were totally absent from post-spray samples which may indicate their being particularly 
sensitive to pesticide application.  The Polymitaricyidae family is the burrowing mayfly 
family.  Their absence in post-spray samples could be an indication of their death within 
the stems in which they live.  Pleidae and Polymitarcidae are both families previously 
noted as sensitive to spray events in the Okavango Delta (Perkins and Ramberg, 2004).  
Whether or not these declines can be directly associated with the spraying cannot be 
determined, however, without long-term monitoring of the family’s life history in this 
specific system.  
 The Caenidae, Hirudinea, Lymnaeidae and Bulininae families showed a higher 
overall abundance following the spray.  Hirudinea (leeches), Lymnaeidae and Bulininae 
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(pouch snails) are all Group 4 organisms and are generally tolerant of pollutants in the 
water (University of Wisconsin, 2004).  Though this classification system applies to 
North American Aquatic Invertebrates, perhaps some correlation can be drawn.  
Monitoring in the Okavango Delta showed the Caenidae family to be very resilient 
following the application of deltamethrin (Perkins and Ramberg, 2004).  The Caenidae 
family has covered gills (Tluczek, 2006) which makes it more likely to survive the 
application of pesticide then the similar Baetidae mayfly family. The appearance of the 
families Elmidae, Syrphidae, Teloganodidae, and Ampullaridae as well as the increase in 
the previously mentioned families, may also be a result of their general tolerance to 
pollutants but it could also indicate the loss of their predators due to pesticide application 
or merely be a product of their life history, a topic not yet understood in this region.     
 Families that did not show much change from before the spray were 
Chironomidae, Oligochaeta, Culicidae, Planorbidae and Libellulidae.  Both 
Chironomidae and Oligochaeta are known to live in areas with a soft substrate and can 
survive in conditions of low dissolved oxygen (Davies and Day, 1998), a fact that makes 
them tolerant of disturbances.  In fact in some areas, Oligochaeta are used as indicators of 
pollution because of their ability to survive severely anoxic lakes where many are able to 
abstract a small amount of oxygen with a specific blood pigment (Soil and Water, 2006). 
Chironomidae are known to be particularly hardy species, surviving in extremes of 
temperature, pH, and salinity (HanBen, 2002). Both Planorbidae and Libellulidae are 
Group 3 and 4 (University of Wisconsin, 2004) organisms on the scale used to monitor 
North American aquatic invertebrates and are semi-tolerant and tolerant families 
respectively.  This could explain their apparent tolerance to the presence of the pesticide, 
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but the fact that such a classification has not been completed in Southern Africa, leaves 
uncertainty. 
 Samples taken during the spray operation showed that the abundance of each 
family fluctuated with each spray cycle.  The Chironomidae family showed an average 
higher abundance before each cycle than after, indicating that levels were down after a 
spray cycle, but tended to rebound before the next.  Atyidae, Corixidae, and Baetidae on 
the other hand, showed higher numbers after each spray cycle.  Because samples were 
taken the day after the spraying took place, it is possible that more specimens were 
caught because they were disturbed by the presence of the pesticide and were more active 
than they normally would be.  Corixidae for example, usually cling to submerged plants 
(Tluczek, 2006) and may have been more likely to be moving around with a disturbance 
in the water.  
Comparison of the Kwando and Linyanti Rivers after spray show that the Linyanti 
had a greater number of individuals and families found.  Both rivers showed the highest 
abundance in the phragmites habitat, but family richness showed a different trend.  The 
fact that in the Linyanti richness was higher in phragmites while in Kwando papyrus 
showed higher richness confirms that each river has a unique community structure and 
thus may not be affected by the application of pesticides in the same way.  The difference 
in community structure is also evident in the fact that while Chironomidae made up the 
bulk of individuals found in the phragmites habitat of the Linyanti river, very few of this 
family were found in the Kwando River Phragmites site.   
The Kwando River had a much larger change in abundance than the Linyanti 
River following the spray with the number of individuals collected there dropping by 
1903 individuals.  The number of individuals collected following spray increased at most 
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sites, but drastically decreased at the Kwando River.  Therefore, the decrease in 
individuals caught in the Kwando most likely accounts for most of the total decline in 
organisms caught throughout the entire study area, an indicator that the Kwando River 
may be extremely sensitive to the application of deltamethrin.  But such a trend is not 
shown by the diversity and evenness of the Kwando River, both of which increased after 
the spraying.  The increase in diversity and evenness of the Kwando River could be due 
to a increase in the number of families that are resistant to the pesticide and thus were 
able to become established or that were brought in by the floods that were reaching the 
study area at that time.  These new families would each have very few individuals 
however, as the abundance of the station decreased drastically.   
The Linyanti River showed much less change which could mean its community 
composition is more resilient than the one found in the Kwando and was more resistant to 
pesticide.  It is also possible that the faster moving water in the Kwando River moved 
dead or emerging organisms downstream, away from the sampling point where they 
would not be found and counted.  The water lily habitat, present only in the Linyanti 
River was a significant contributor to the river’s abundance after spraying.  It is likely 
that aquatic invertebrates in the areas in which lilies cover the water were protected from 
the pesticide as it landed on the lilies rather than in the water.  Also, a greater number of 
members of the families Chironomidae, Bulininae, Lymnaeidae and Caenidae, all species 
that seem to show tolerance to the pesticide, were found in the Linyanti River than in the 
Kwando. Although these data could indicate that the Kwando was more strongly affected 
by the pesticide, it is also possible that the natural changes within the river account for 
this difference.  More studies will need to be done to determine how populations 
naturally change throughout the year in each river.   
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Conclusions and Recommendations: 
 Although this study shows that the community structure of aquatic invertebrates 
was indeed different before and after spray and this could possibly be linked to the 
application of deltamethrin in the region, a correlation cannot be fully established without 
further research in this area.  It is likely that the Kwando/Linyanti River system shows 
temporal variation in the community structure and thus any changes could be natural 
occurrences within this system over the course of a year.  Lack of information about the 
hydrology of this system and how it relates to the life history of the aquatic organisms 
prevents us from determining if the observed variations are due to the spray or are natural 
phenomena.   
 This study gives a preliminary idea of how the aquatic macro-invertebrate 
population of the Kwando/Linyanti System was affected by the spraying of deltamethrin, 
but the full impact of spraying cannot be understood without continued monitoring.  This 
continued monitoring should seek to determine the natural life-history patterns of the 
aquatic macro-invertebrates in the Kwando and Linyanti Rivers.  It should also focus on 
how the families recover in the years following spray.  Based on monitoring done on the 
Okavango (see Palmer, 2003, Opperman, 2006, and Ramberg, 2003), families that were 
most affected just after the spraying showed a good recovery over the next few years.  
Families such as Atyidae which were severely impacted by the spraying should be 
particularly well monitored in the long-run to see if they eventually recover to pre-spray 
numbers or if the spraying irreversibly altered the community structure of the region.   
 Due to time constraints on this study, statistical analysis has not yet been 
performed on this data.  Continued work with this data in a statistical framework would 
be useful both for this current study and for future reference.   
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 It would also be valuable to study the community structures of individual sites 
and habitats before and after spray.  With this information, an understanding of which 
habitats are most susceptible to spray could be reached and future sprays could be 
constructed to reduce impact in these areas.  It is also necessary to continue monitoring 
the ecology of the entire system.  If fish are lost as predators due to the presence of the 
pesticide, this could mean an increase in their prey and thus a shift in invertebrate 
community structure.  For this reason, monitoring needs to continue throughout the entire 
ecosystem.    
 Identification was done only to the family level in this study.  It is possible that 
some species within each family are more or less affected by the pesticide and thus may 
contribute to a family’s apparent sensitivity.  With further identification, perhaps to the 
species level, the impact of the pesticide could be more accurately assessed by 
pinpointing the exact species which are most impacted.  To carry out such a study, lab 
assistants need to be trained in species identification and the appropriate field guides need 
to be made available in the lab and the field.    
The results of this and other studies done about the impact of the spraying should 
be used as background in future Environmental Impact Assessments that seek to 
determine the potential impact of pesticide application both in Botswana and in other 
countries.     
Though this survey is only a preliminary study and thus cannot represent the full 
affect of the pesticide, it is an essential study in that it begins to characterize the aquatic 
macro-invertebrate community of an area previously unstudied.  The spraying of 
deltamethrin is likely to have affected the populations of invertebrates in this area as it 
did in the Delta (Perkins and Ramberg, 2004), but no definite conclusions can be drawn 
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in this regard until further studies are completed to determine the natural history of 
aquatic invertebrates in these rivers.   
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ISP Evaluation: 
 
Did the process of doing the ISP modify your learning style? How was this different from 
your previous style and approach to learning? 
  
 Doing ISP has made me a much more independent learner.  I really had to depend 
on myself to find the answers to my questions.  I enjoyed being able to direct my research 
to fit what interested me most.  The process also made me more flexible in where and in 
what situations I am able to concentrate.  I have found that I can now work in the heat, 
rain and with people around me and still manage to accomplish a good deal of work.  
This will be useful when I return to Colby.  
 
What were the principle problems you encountered while doing ISP? Were you able to 
resolve these and how? 
 
 The main problem I encountered during ISP was on the first few days when 
HOORC would not let me begin my project because of paperwork and politics.  It was 
very frustrating, but I was able to get in contact with Simba and the people I needed to 
contact at the center and with support from my advisor everything got sorted out.  
 I also had problems using PASGEAR, the data analysis software they had me use.  
There were mistakes made, some by myself and some by others, in transferring data 
between programs so that when I began analysis I kept discovering the mistakes and 
having to begin all over again.  This problem was easily resolved with patience and 
working with Rra Mosepele and just checking and double checking everything. 
 
 
What general methods did you use? How did you decide to use such methods? 
 
My advisor told me what methods to use.  I took a quantitative approach to data 
Collection.  In general, I identified specimens to the family level, counted them, made 
tables of the data and compared my results to information collected before the spraying.  I 
used methods similar to what my advisor did in her preliminary analysis of invertebrates 
in the Kwando/Linyanti Region. 
  
Comment on your contact with your advisor. Indispensable? Occasionally helpful? Not 
Helpful? At what point was your advisor most helpful? Were there cultural differences 
which influenced your relationship? Differences in understanding the educational 
processes and goals? 
 
Mma Mosepele was a great advisor.  She was patient and helpful and always 
willing to spend a few minutes with me even if she was pretty busy.  I could not have 
done this project without her.  She was most helpful in guiding my construction of a 
sound paper and with helping my draw conclusions.  There were not any cultural 
differences that influenced our relationship.  She had a really good idea of what was 
expected of me as an SIT student and also of what she wanted me to learn from this 
experience.  
 
                                                                                                                                            48
  
Did you reach any dead ends? Hypotheses which turned out not to be useful? Interviews 
or visits that had no application? 
No, I did not reach any dead ends.  All of the problems that arose could be dealt 
with.  
What insights did you gain into the culture as a result of doing the ISP that you otherwise 
might not have? 
 Doing this project helped me to see the extent of the impact the tsetse fly has had 
on the culture, economy and society of communities in the Delta.  Without doing the 
research I did, I would not have understood how devastating the fly (and the disease) 
could really be.  I was also interested in the Preliminary EIA done in which communities 
held meetings.   I read the outcomes of those meetings and was surprised at the 
overwhelmingly positive feelings about the spraying in all of them. 
 
Given what you know now, would you have undertaken the same project or something 
else? 
I would do a similar project definitely.  I am really interested in aquatic 
invertebrates and what they can tell you about a system, but the amount of data in 
this particular study was very overwhelming.  Perhaps I would choose a study in 
which the number of samples was less and that would have been less intimidating 
for me.   
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